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Bile acid production in the bile fistula dog can be modified by various die- 
taD" procedures.  Whipple  and Smith (12) demonstrated that the fasting dog 
continues to produce bile acids but at the very low level of around 30 to 40 
rag.  per  kilo  of  body weight  per  24  hours.  Sugar  feeding results in even 
lower levels. This small fraction that is continuously formed under these con- 
ditions is  considered  to  represent  the  endogenous  portion  of  the  bile  acid 
production. Breakdown  products of body tissue  contribute essential  compo- 
nents which can be  utilized in  the synthesis of the bile  acids.  In contrast, 
meat products such as beef heart, kidney, and liver cause a two- to threefold 
increase  in bile  acids above control levels obtained from a  standard salmon 
bread diet (13, 15). Casein  (15) is effective also while gelatin gives negative 
results unless tryptophane (14) is added to it; whereupon an effect comparable 
with meat feeding is obtained. Cholesterol  (15) proved ineffective in their ex- 
periments. From their studies, Whipple and Smith concluded that protein was 
the essential material for bile acid production. 
When a large supply of pure amino acids was made available to us, it was 
decided that an effort should be made to determine if possible which amino 
acids are essential for bile acid synthesis. Since the ten amino acids, essential 
for growth, have proved efficient in producing plasma proteins, we adopted 
this mixture for preliminary trials. 
In the following experiments,  we note that, while  this mixture of amino 
acids,  subcutaneously administered, did cause  a  significant  increase  in  bile 
acid production, this  increase  was  not  sustained. Addition of  non-essential 
amino acids did not increase bile acid production. 
A  mixture of amino acids,  called  Vuj-N-ix  mixture  prepared  by  Merck 
and Co. when added to the non-protein diet maintained a good output of tau- 
rocholic acid but when Amigen was substituted there was a rapid decrease in 
production with considerable free cholic acid in the bile. Adequate methionine 
supplement resulted in conjugation of taurine with this free cholic acid with 
*We are indebted to Eli Lilly  and Company  for the vitamin  mixture  and liver  extract used 
in these experiments; to Merck and  Company for the pure amino acids and Vuj-N-ix 
casein digest. 
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increased  excretion  of taurocholic acid and  diminution  of  the  amount  of free 
cholic acid. 
The bile fistula  dog will produce  taurocholic  acid indefinitely and  in abun- 
dance  when  fed a  non-protein diet supplemented  by 20 gm.  of Amigen and  2 
gm. of methionine. 
Methods 
The bile fistulas were produced by a modification of the method of Rous and McMaster 
as described by Smith, Groth, and Whipple (12), or by inserting a Murphy catheter into the 
gall bladder with ligation and severance of the common bile duct. This latter method is supe- 
rior to the glass canula in the common bile duct as the catheter remains in place and does not 
clog readily with inspissated material. Under sterile conditions the catheter may be irrigated 
and cleaned out as occasion demands. With proper care, sterile bile can be obtained from these 
animals for periods of months. 
The method of bile salt analysis is a modification of that devised by Foster and Hooper. 
~In brief, it is an estimation of the amino nitrogen by the method of Van Slyke following the 
breakdown of taurocholic acid by alkaline hydrolysis. The technique is described in detail by 
Smith, Groth, and Whipple (12). 
Cholic acid was determined using the colorimetric method of Irvin, Johnston, and Kopala 
(7). 
During the experimental periods the dogs were maintained on a  basal non-protein diet 
mixture containing dextrose, 73 per cent; Mazda oil, 6.3 per cent; lard, 12.5 per cent; Wesson 
salt mixture, 3.1 per cent; bone ash, 3.1 per cent; and cod liver oil, 2 per cent. Ten cc. of  a 
multiple vitamin mixture (Lilly) was added to the food each day. About 20 gin. per kilo of 
body weight of this diet was fed each day. The dogs would refuse to eat the diet after 1 to  3 
weeks whereupon spoon feeding was resorted to with lint little dif~culty although it was nec- 
essary to feed the diet in split portions four to five times a day. In later experiments, the lard 
portion of the diet was replaced by a caloric equivalent of starch. Although this diet would 
also be refused, it was possible to spoon feed it at one sitting. 
The mixture of pure amino acids was made up fresh daily by dissolving the acids in 150 cc. 
of hot distilled water. The solution was injected subcutaneously over a period of 30 to 45 min- 
utes in the morning in order that any benefit might be apparent in the collection of bile made 
the following morning at 9 o'clock. The mixture was composed of the ten amino acids found 
by Rose (10, 11) to be essential for growth plus glyclne. The amounts of each acid were ones 
determined by Madden e~ al. (8) to be efficient in maintaining nitrogen equilibrium with ex- 
cellent plasma protein production with no other source of protein supplied.  The daily mix- 
ture was: dl-threonine 1.4 gin., dl-valine 3.0 gin., dl-leucine 3.0 gin., dl-isoleucine 2.0 gin., 
l (+) lysine 2.2 gm., dl-tryptophane 0.6 gm., dl-phenylalanine 2.0 gin., dl-methionine 1.2 gin., 
l (+) histidine 1.0 gm., l (+) arginine 1.0 gin., and glycine 2.0 gm. Total 19.4 gm. of amino 
acids. 
The Vuj-N-ix mixture of amino acids  (Merck) is a  mixture of two fractions of a casein 
hydrolysate fortified with d2-tryptophane and dl-methionine. 20 gin. of this mixture contains 
the following quantities of these amino acids:  threonine 0.3 gin., valine 1.06 gin., leuclne 3.44 
gm., isoleucine 1.48 gin., lysine 1.8 gm., tryptophane 0.18 gin., phenylalanine 1.2 gin., methi- 
onine 1.7 gin., histidine 0.6 gin., arginine 1.0 gin., glyclne 4.92 gin. Total 17.68 gin. of amino 
acids. The remaining 2.32 gin. represents 0.18 gin. of d-tryptophane, 0.54 gm HC1, and  1.6 
gm. of unknown constituents, possibly non-essential amino acids. This mixture of amino acids 
made up previously with pure amino acids had been demonstrated in this laboratory to be 
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Liver extract was a concentrated liver extract containing 15 units per cc. (Eli Lilly Com- 
pany). 
The vitamin mixture, also supplied by Eli Lilly Company, furnished in 10 cc. the fol- 
lowing: vitamin A 5000 units, vitamin D 500 units, tocopherols,  natural 50 rag., thiamine 
hydrochloride 6 mg., riboflavin 6 rag., pyridoxine hydrochloride 5 rag., pantothenic acid (as 
calcium pantothenate) 5 rag., nicotinamide 50 mg., ascorbic acid 50 mg., inositol 200 rag., 
paraminobenzoic  acid 50 mg., 2-methyl-i, 4-napthoquinone  1 rag., rice bran concentrate 1 gin., 
choline dihydrogen citrate 1 gin., linoleic  acid 500 rag. 
RESULTS 
We have found repeatedly that the taurocholic acid production of the fistula 
dog fed the non-protein diet eventually fell gradually to between 100 and 200 
rag.  of bile salt a  day. The length of time required for this low value to be 
reached varied from dog to dog and was probably at least partially dependent 
on the diet the dog had been receiving previously. Seven to  14 days of the 
basal diet generally resulted in the attainment of the low value. Six dogs elimi- 
nated between 103 to 165 mg. of taurocholic acid daily when this basal level 
had been reached. Because of this experience, we did not always wait for the 
dog to reach this low level before starting an experimental period. This was 
done as a matter of expediency because of the necessity of spoon feeding and 
also because of the desire of not keeping the dogs without protein for too long 
a period. 
In  the first  group of experiments the  dogs were fed the  non-protein diet 
and vitamin mixture with the amino acids administered subcutaneously. Table 
I  is illustrative. Since the experimental periods are of many days' duration, we 
have combined 2 days' values and given the cubic centimeters of bile volume 
and the milligrams of taurocholic acid expressed as average 24 hour produc- 
tion. It should be remembered, in studying the tables, that the figures for vol- 
ume of bile and milligrams of taurocholic acid are a reflection of dietary intake 
of the previous day, as the bile is collected every morning at 9 a.m. Dog 44-151 
had  received a  diet of kitchen  scraps  following operation and on  February 
24th  it  had  excreted  1284  rag.  of taurocholic acid.  Eight  days of the non- 
protein diet caused a  reduction to 569 rag. with decreased bile volume. Un- 
doubtedly the level would have fallen lower than this ff we had waited a  few 
days longer before commencing the experiment as amounts as low as 108 rag. 
were subsequently obtained. Promptly following the daily subcutaneous injec- 
tions of the mixture of amino acids the taurocholic acid and the bile volume 
increased and this higher excretion was maintained for 12 days after which it 
returned to the starting level. On  the  1 day of non-protein diet, alone,  the 
cholate production fell to 242 rag., but on addition of 1 gin. of cholic acid and 
1 gm. of cystine to the diet bile acids immediately increased to a high of 1404 
rag.; methionine,  1 gm., was as effective as the cystine. These two acids are 
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cholagogic effect is apparent in the increased bile volume. Aminoids, a  casein 
digest, proved ineffective over a  4 day period with only basal amounts of mu- 
rocholic acid being eliminated. 
Similar results obtained with dog  43-20 are  shown in Table II. With  the 
non-protein diet alone, the taurocholic acid output per 24 hours decreased to 
Dog 44-151 
TABLE I 
Pure Amino Acids Administered  Subcutaneously 
Cholic Acid,  Cystine,  and  Methionine 
Date 
1945 
Mar.  2 
"  3 and  4 
"  5  "  6 
"  7  "  8 
"  9  "  10 
"  11  "  12 
"  13  "  14 
"  15  "  16 
"  17  "  18 
"  19  "  20 
"  21 
"  22 and 23 
"  24  "  25 
"  26  "  27 
"  28  "  29 
"  30  "  31 
Apr.  1 
"  2 and  3 
"  4  "  5 
I 
Diet 
Non-protein diet  225 gin. 
Non-protein diet  plus  amino acids,  20  gin.  sub- 
cutaneously 
LI  L~ 
lc  ~c 
l~  lc 
Non-protein diet 225 gm. 
Non-protein diet  plus i gin.  cholic  acid, 1 gin. 
cystine 
cc  #c 
c¢  ¢| 
Non-protein diet plus 1 gin. chollc add, 1 gin. 
methionine 
Non-protein diet plus 40 gin. aminoids 
Ic  gl  II  II  cl~  II  II 
542 rag. with prompt increase in the amount excreted when the amino acids 
were given subcutaneously. On 4  days the amino acid mixture was given in 
double the original amount but there was no further elevation in the amount 
of bile acid excreted. The increased amino acids were given in divided doses: 
one-haft in the morning and one-haft in the afternoon. One sees prompt reduc¢ 
tion on the day when only the non-protein diet was fed. Amino acids subcu- 
taneously with 1 gm. of cholic acid added to the diet make an effective combi- 
nation as there is both increase in the bile volume and in its cholate content. W.  B. HAWKINS, P. C.  HANSON, R.  W.  COON, AND R.  TERRY  465 
Dog 44-132  (Table HI) produced 2440 rag. of taurocholic acid when eating 
kitchen scraps but decreased its output to 862 rag. after only 6 days on the 
Don-protein diet. The amino acids were given subcutaneously and after 5 days 
it excreted an average of 1228 rag. for 2 days and the amount then tended to 
decrease. Since the ten amino acids did not sustain  the bile salt output, we 
added several "non-essential" amino acids to determine whether increase of 
nitrogen and a greater variety of amino acids might be of benefit. Those that 
were soluble were added to the solution of "essential" amino acids for subcu- 
Dog 43-20 
TABLE  H 
Pure  Amino  Acids  Administered  Subcutaneously 
Date  Weight  Diet 
1945 
Sept. 16 
"  17 and 18 
"  19  "  20 
"  21  "  22 
"  23  "  24 
"  25  "  26 
"  27  "  28 
"  29  "  30 
Oct.  1  "  2 
"  3 
"  4 
"  5  and  6 
"  7  "  8 
"  9  "  10  13.6 
Non-protein diet 250 gm. 
14.7  Non-protein diet plus amino acids subcutane- 
ously, 20  gin. 
14.5  "  " 
14.4  "  " 
14.4  "  " 
cc  ~ 
14.2  "  " 
14.4  Non-protein diet plus amino acids, 40 gin. 
14.2  "  "  "  "  "  "  "  " 
Non-protein diet 
13.8  Non-protein diet plus amino acids, 20 gin. plus 
1 gin. cholic acid 
lc  cc 
Non-protein diet 300 gin. 
~  cc  c¢  ~  cc 
Taufo- 
Bile  cholic 
volume  acid 
Average Average  per 
24 hrs.  per 
24 hrs. 
mg. 
542 
835 
1046 
1229 
1165 
88O 
964 
1303 
1119 
624 
1083 
1065 
532 
taneous injection; the remainder were added to the food. The ones added to 
the solution were d/-serine 1.0 gin., l  (-)  hydroxyproline 1.0 gin., and d/-ala- 
nine 0.8 gin.; to the food were added l  (--) cystine 0.5 gin., l  (--)  tyrosine 
0.5 gin.,  glutamic acid 0.5  gm.,  and aspartin  0.5  gin. This mixture of amino 
acids  caused  a  secondary rise  but  this  was  not  as  high  as  the  initial  in- 
crease with just the essential acids; and it was  likewise not sustained. Cholic 
acid, 1 gin., added to the above diet brought an immediate and marked eleva- 
tion to a high of 2028 rag., an amount comparable to that to be obtained from 
a meat diet. This may be due to combination of methionine and cystine of the 
diet with the cholic acid. The following 2 days show an average of 1377 rag. 
which is still a considerable amount above the basal output of this dog, 200 nag. 466  BILE  SALT METABOLISM 
In another experiment (dog 43-214, Table IV) we see again increased excre- 
tion  of  taurocholic acid  following subcutaneous  injection  of  the  mixture  of 
essential amino acids, but it is not a  sustained increase and the addition of ex- 
tra tryptophane proved of no  benefit. The output  decreased steadily toward 
the  basal  output.  Tryptophane  was  increased  as  previously it  had  proved 
effective in producing bile salts when fed with gelatin (14). 
Dog 44-132 
TABLE III 
Essential and Non-Essential Amino Acids 
Date 
1945 
Feb.  16 and 17 
"  18  "  19 
"  20  "  21 
"  22  "  23 
"  24  "  25 
"  26  "  27 
Feb. 28, Mar. 1 
Mar.  2 and  3 
"  4  "  5 
"  6  "  7 
"  8  "  9 
"  10  "  11 
"  12 
"  13 and 14 
"  15  "  16 
Weigh 
klb 
12.2 
12.0 
11.7 
11.7 
11.7 
11.7 
11.2 
II.2 
11. 
11. 
11. 
10.7 
10.8 
Diet 
Non-protein diet 300 gin. 
Non-protein diet plus amino acids subcutane- 
ously, 20 gm. 
cl  lg 
lc  c¢ 
lc  c¢ 
Non-protein diet plus essential 20 gin. and non- 
essential amino adds 4.8 gin. 
gl  lc 
CC  lc 
C¢  ~ 
As above plus 1 gin. of choUc acid 
Bile 
)lume 
reragq 
per 
hrs. 
CC. 
53 
46 
50 
92 
75 
51 
56 
56 
66 
82 
74 
52 
Tauro- 
cholic 
acid 
Average 
mg. 
1019 
862 
927 
6O6 
1228 
946 
615 
7O6 
486 
633 
1019 
881 
771 
2028 
1377 
In still another group of experiments we modified the non-protein diet with 
replacement of the lard by a  caloric equivalent of cornstarch. This was done 
because fats are not well utilized by the bile fistula dog and we felt that the 
animal would get more  benefit from a  less fatty diet. The  amino  acid mix- 
tures  were  added  to  the  diet  rather  than  being  given  subcutaneously.  The 
amino acids were given as a  modified casein digest called Vuj-N-ix, furnished 
by Merck and Co. This mixture is described above. It had been demonstrated 
by Madden  et al.  (9)  to be very effective in producing plasma proteins. Dog 
48-28 on this basal diet plus casein digest, (Amigen), 20 gin. and methionine 2 
gm., maintained its weight of 14.2  kilos and was in excellent condition for a 
period of 11 months with no fatty material other than that in Mazola oil and W. B. HAWKINS,  P. C. HANSON,  R. W. COON~ AND R. TERRY  467 
cod liver oil. Table V  illustrates a  good experiment. Again we have given in 
the table the average bile volume and bile acid production per day for 2 day 
periods to conserve space. There is prompt fall in taurocholic acid output after 
the dog was placed on  the non-protein diet but immediate increase followed 
the addition of 20 gm.  of the Vuj-N-IX mixture of amino acids. The increased 
production was maintained for 16 days and then 20 gin. of Amigen was substi- 
TABLE IV 
Pure Amino Acids Administered Subcutaneously with Additional Tryptop~ne 
Dog 43-214 
Date  Weigh 
1945  kg. 
Jan.  9  9.1 
"  10 
"  11 
"  12 
"  13 
"  14 
"  15  8.9 
"  16 
"  17 
"  18 
"  19 
"  20  8.9 
"  21 
"  22 
"  23 
"  24 
"  25 
Diet 
Non-protein diet 175 gra. 
Non-protein diet plus amino acids subcutane- 
ously 20 gm. 
cc  l; 
~t  t¢ 
Non-protein diet only 
Non-protein diet, 175 gm. Amino acids subcu- 
taneously 20 gm. plus 1.2 gin. tryptophane 
oral 
Non-protein diet, amino adds subcutaneously 
20 gin. plus 3.4 gin. tryptophane oral 
ct  ¢t 
gc  c~ 
Tauro- 
chollc 
acid 
Average 
per 
24 hrs. 
mg. 
238 
661 
697 
954 
821 
661 
789 
642 
495 
734 
477 
236 
148 
495 
661 
440 
tured  for  the  Vuj-N-ix  mixture  with  immediate  decrease  in  the  amount  of 
taurocholic acid excreted to the very low value of 149 rag.  (Amigen was used 
in the remainder of this experiment and in the two following, as the supply of 
Vuj-N-ix  mixture  was  exhausted  and  no  more  could  be  obtained  at  that 
time.)  Three cc. of liver extract  (Lilly Co.)  was added  to determine whether 
it might exert an effect. Although taurocholic acid output continued at a  low 
level, there was a  conspicuous increase in  bile volume. We had seen a  similar 
increase when  cholic acid had  been  added  to  the  diet  and  consequently we 468  BILE  SALT  METABOLISM" 
thought it best to analyze the bile for total chol c  acid. The table shows that 
much  cholic acid  was  being  produced.  Since  Antigen  contains  only  one-half 
the amount of meth'onine  that  is present in  the  Vuj-N-ix  mixture  it  seemed 
Dog 48-28 
TABLE V 
Castin Digests and Liver Extract 
Date 
1498 
Mar. 18 and 19 
"  20  "  21 
"  22  "  23 
"  24  "  25 
"  26  "  27 
"  28  "29 
"  30  "  31 
June  1  "  2 
"  3  "  4 
"  5  "  6 
"  7  "  8 
"  9  "  10 
"  11  "  12 
"  13  "  14 
"  15  "  16 
"  17  "  18 
"  19  "  20 
"  21  "  22 
"  23  "  24 
"  25  "  26 
"  27  "  28 
"  29  "  30 
Diet 
Non-protein  diet 250 gin. 
t¢  t,  ,~  ,,  ,g 
300 gin. N.P.D. plus 20 gin. 
Vuj-N-ix 
tc  St 
tt  ,t 
,t  ,t 
tt  tt 
c,  tt 
tc  cC 
250  gm.  N.P.D.  plus  20  gm. 
Amigen 
It  C, 
t,  tt 
N.P.D. plus 20 gin. Amigen plus 
3 ee. liver extmct 
ig,  ~l 
¢c  ,1 
c,  ¢C 
*c  *, 
tc  ¢, 
Total 
cholic 
add 
Average 
m&. 
902 
1053 
1330 
1114 
906 
895 
likely that  there was a  lack of methionine to furnish the necessary taurine for 
conjugation. 
The data  given in Table VI show the effects of adding  1 gin. of methionine 
in addition to the 20 gin. of Amigen. One sees that in the first few days much 
less  taurocholic  acid  is formed  than  cholic acid but  then  there  occurs  an  in- 
crease  in  taurocholic  acid  excretion  with  a  lowering  of  the  free  eholic  acid 
component.  The free cholic acid is determined  by converting  the  taurocholic W.  B.  HAWKINS,  P.  C.  HANSON,  R.  W.  COON,  AND  P..  TERRY  469 
acid value to equivalent value of cholic acid using the factor, 799,  derived by 
dividing the molecular weight of cholic acid by that of taurocholic acid. When 
Dog 48-28 
TABLE VI 
Amigen  Supplemented  by Methionlne,  Li~er  Extract 
Date  Weight  Diet 
1948 
July  I and  2 
kg. 
Non-protein diet 250  gin.  plus 
20  gin.  Amigen  plus  1  gin. 
methionine plus fiver extract 
Bile  Tauro-  Free  Total 
volume  cholic  chollc  cholic 
acid  acid  acid 
Average Average Average Average  per 
24 hrs.  per  per  per 
24 hrs.  24 hrs.  24 hrs. 
¢¢.  mg.  mg.  mg. 
89  206  794  958 
3 CC. 
"  3  "  4  13.8  "  "  i  59  303  721  963 
"  5  "  6  "  "  45  525  523  942 
"  7  "  8  "  "  ]  74  1063  705  1550 
"  9  "  10  "  "  130  1326  321  1379 
"  11  "  12  "  "  148  1226  325  1553 
"  13  "  14  "  "  i  130  853  437  1119 
"  15  "  16  14.3  ....  101  1039  473  1299 
"  17  "  18  "  "  i  82  916  580  1312 
"  19  "  20  "  "  99  901  529  1250 
"  21  "  22  N.P.D. plus Amigen plus liver  104  943  722  1475 
extract 3 cc. plus 2 gin. methi- 
onine 
"  23  "  24  14.3  "  "  87  1275  253  1273 
"  25  "  26  "  "  50  1272  93  887 
"  27  "  28  "  "  53  1467  33  1208 
"  29  "  30  "  "  60  1375  110  968 
July  31, Aug. 1  "  "  111  1624  0  1112 
Aug.  2  "  3  "  "  110  1733  187  1295 
"  4  "  5  14.3  ....  111  1314  377  1427 
"  6  "  7  "  "  78  1440  212  1363 
"  8  "  9  "  "  63  1213  149  1119 
"  10  "  11  "  "  75  855  587  1271 
"  12  "  13  "  "  69  1220  415  1183 
This was continued for 56 more days and the average daily output of taurocholate re- 
mained well above 1000 rag. throughout this time. 
2 gin. of methionine was added the free cholic acid further diminishes and there 
is  augmentation  of  the  taurocholic  acid.  This  result  indicates  clearly  that 
cholic acid is being produced but that there is insufficient taurine to combine 
with  it.  Once  adequate methionine is  furnished,  there  is  rapid  formation of 470  BILE  SALT  METABOLISM 
taurine with conjugation. As the table indicates, the dog maintained this level 
of 1000 to 1200 rag. of taurocholic  acid for the next 56 days. Where does the 
cholic acid come from? From the diet or by endogenous production? 
What happens to taurocholic acid and cholic acid excretion when non-protein 
diet and vitamins alone are fed is well shown in Table VII. There is prompt de- 
crease in taurocholic acid to very low basal levels, and also reduction in cholic 
Dog 48-28 
TABLE  VII 
Amigen,  Methlonlne,  Non-Protein  Diet with Methionine 
Date 
1948 
Oct. 10 and 11 
"  12  "  13 
"  14  "  15 
"  16  "  17 
"  18  "  19 
"  20  "  21 
"  22  "  23 
"  24  t,  25 
"  26  "  27 
"  28  "  29 
"  30  "  31 
Nov.  1  "  2 
"  3  "  4 
"  5  "  6 
I  I 
Diet 
250 gm. non-protein diet, 10 cc. 
vitamin,  20  gin.  Amigen,  2 
gin. methionlne, 3 cc. liver ex- 
tract 
cc  c~ 
tC  t¢ 
250 gin. non-protein diet, 10 cc. 
vitamin only 
~¢  cc 
As  above  plus  2  gin.  me~io- 
Re 
tc  ¢~ 
Ic  cc 
As  above  plus  3  cc.  liver  ex- 
tract 
Ct  tt 
Total 
cholie 
acid 
Average 
per 
24 hrs. 
1623 
1593 
1614 
1607 
1547 
1545 
788 
554 
509 
753 
726 
615 
626 
602 
acid,  but  to  a  lesser  degree.  The  dog  still  continues  to  form a  moderate 
amount of cholic acid. When 2 gin. of methionine is added to the food, the 
amount of taurocholic  acid approaches  the level of the cholic acid, indicating 
again that when taurine is being produced it conjugates with any cholic acid 
formed. Production does not equal that seen with Amigen and methionine, 
however, as shown in the data for the first few days. 
In several of the above experiments liver extract was added to the diet but 
it had no effect on cholic acid or  taurocholic  acid production. This fact is W. B. HAWKINS,  P. C. HANSON,  R. W. COON, AND R. TERRY  471 
brought out clearly in Table VIII. In the fore part of the experiment there is 
an excellent excretion of taurocholic acid with practically no free cholic acid in 
the bile when Amigen was supplemented with methionine. Upon the addition 
of the liver extract there is no alteration in the amount of conjugated bile 
acid formed. 
TABLE  VIII 
Amigen Supplemented with Methionlne and Li~er Exlrazt 
Dog 48-28 
Date 
1948 
Dec.  1 
"  2  and  3 
"  4  "  5 
"  6  "  7 
"  8  "  9 
"  10  "  11 
"  12  "  13 
"  14  "  15 
"  16  "  17 
"  18  "  19 
"  20  "  21 
"  22  "  23 
"  24  "  25 
"  26  "  27 
"  28  "  29 
Weight 
J~g. 
13.8 
13.3 
14.2 
13.9 
Diet 
Non-protein  diet  250 gin.  plus 
20  gin.  Amigen  plus  2  gin. 
Tauro- I  Free  Total 
Bile  cholic I cholic  cholic 
volume  acid  acid  acid 
Average Average Average Average 
per  per  I  per  per 
2~t hrs.  24 hrs. [ 24 hrs.  24 hrs. 
¢¢.  mg.  mg.  mg. 
methionine 
"  "  93  719  108  683 
"  "  109  1661  0  932 
"  "  114  1528  194  1416 
"  "  93  1485  0  1003 
"  "  127  1586  0  1025 
"  "  90  1363  0  721 
"  "  107  1104  121  1003 
"  "  115  1351  28  1160 
"  "  94  1651  0  1082 
As  above  plus  3  cc.  liver  ex-  110  1238  53  1045 
tract 
"  "  83  1308  63  1159 
"  "  95  1490  0  1030 
"  "  130  1727  0  1218 
"  "  110  1346  0  1044 
DISCUSSION 
When non-protein diet plus vitamin mixture is fed, there is a very low level 
of taurocholic  acid formation with reduction also in the cholic acid. However, 
a mixture of ten pure amino acids, essential for growth, enables the bile fistula 
dog to produce taurocholic acid for a limited period of time. A casein digest 
Vuj-N-ix  containing naturally occurring amino acids fortified with d/-methio- 
nine and d/-tryptophane is also effective. Unfortunately, our supply ran out 
after an 18 day period, so it was not possible to determine how long production 
would have been sustained. It seems likely that this casein digest would have 
continued to maintain the formation of taurocholic acid indefinitely  consider- 
ing the results obtained with Amigen supplemented by methionine. Amigen 472  BILE  SALT  METABOLISI~ 
alone causes a marked decrease in taurocholic acid excretion,  but allows abun- 
dant free cholic acid in the bile. When methionine is added, there immediately 
follows an increase in taurocholic  acid with marked decrease in the free cholic 
acid.  Amigen contains about one-half as  much methionine as  the  Vuj-N-ix 
casein digest mixture. Supplementation of Amigen by 1 to 2 gin. of methionine 
allowed  adequate formation of taurine for conjugation with the free  cholic 
acid. It has long been recognized that cystine (6)  in the diet is necessary  for 
taurine formation, and Virtue and Doster-Virtue  (17) have demonstrated that 
methionine can replace cystine. 
From where does this cholic acid come? Block and his associates  (1)  have 
shown that cholesterol is converted into cholic acid, and that cholesterol can 
be synthesized from acetic acid (2--4). Sonderhoff and Thomas (16) have also 
concluded  that  acetic acid  is  directly converted into  sterols.  Whipple  and 
Smith (13, 15) after detailed study came to the conclusion that proteins are 
essential  for taurocholic  acid production. Our  data  support  this  conclusion 
since Amigen supplemented with methionine promoted taurocholie  acid for- 
mation indefinitely.  Cholesterol  may he converted into cholic acid,  but pro- 
reins cannot be excluded from the picture entirely. 
The fact that casein digests are effective for long periods while the mixture 
of the ten pure amino acids is effective for a limited time only indicates that 
there is some factor in the digests necessary to sustain the production. Further 
experiments are in progress attempting to establish the relationship of proteins 
and cholesterol in bile acid formation. 
During the course of the experiments we had occasion to run paper chromato- 
graphs  (5) on samples of the bile filtrate following precipitation of proteins by 
hot ethanol. It was discovered that minute traces of valine, glutamic acid, as- 
partic acid,  and taurine occurred  in samples  of the unhydrolyzed alcoholic 
filtrate. When a  similar filtrate was hydrolyzed with hydrocholic  acid, large 
amounts of taurine with significant amounts of the following amino acids were 
found in the chromatogram: leucine, valine, alanine, glycine, serine, glutamic 
acid, and aspartic acid. This fact means that our figures for taurocholic acid 
are somewhat higher than they should be,  since some of the nitrogen would 
be coming from the other amino acids present in the bile. Just how large an 
error is created by the extra amino acids has not been determined. However, 
judging from the size of the amino acid spots and the intensity of the ninhy- 
drin color as compared  with the size and intensity of the taurine spot, one 
would estimate that 10 per cent of the nitrogen might have come from the 
free amino acids. The pattern of the amino acids found suggests that there are 
in bile polypeptides that are extracted by the hot alcohol. If protein were be- 
ing incompletely precipitated, one would expect  to find on hydrolysis other 
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SUMMARY 
A  non-protein  diet  supplemented with  vitamins  fed to  a  bile  fistula  dog 
caused marked reduction in cholic acid and tanrocholic acid formation. 
A mixture of pure amino acids, essential for growth,  promoted taurocholic 
acid production for a limited period. 
A mixture of amino acids composed of 2 fractions of a casein digest fortified 
with dl-methionine  and  d/-tryptophane,  (Merck  Vuj-N-ix),  also  resulted  in 
increased taurocholic acid excretion. 
A  casein  digest,  Amigen,  supported cholic  acid production,  but there was 
very low taurocholic  acid excretion. Addition  of methionine  to  the Amigen 
brought  about  increased  taurocholic  acid  excretion  with  reduction  in  the 
amount of free cholic acid in the bile. 
A bile fistula animal was maintained for a  year in  excellent  condition and 
produced bile salt on a non-protein  diet supplemented by vitamins,  Amigen, 
and methionine. 
Unhydrolyzed alcoholic  filtrate of bile contained  traces of tanrine,  valine, 
glutamic acid, and aspartic acid. 
Acid-hydrolyzed alcoholic filtrate of bile contained large amounts of taurine, 
and significant  amounts of leucine,  valine,  alanine,  glycine,  serine,  glutamic 
acid, and aspartic acid. 
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